Abstract-Detection of the fetal electrocardiogram (FECG) from the maternal cutaneous electrode recordings is an important but hard task. To extract the FECG, two important blind source extraction algorithms have been proposed by Barros and Zhi-lin Zhang which using the periodicity and kurtosis, respectively. Barros' algorithm is sensitive for the estimation error of the period of the FECG and Zhi-lin Zhang's algorithm requires precise estimation of the kurtosis range of the FECG. In this work, a novel blind source extraction algorithm combing periodicity and kurtosis is proposed to conquer the two flaws of the BSE algorithm of Barros' and Zhang's. Experiments on real world FECG illustrate the validity and better performance of the proposed algorithm.
INTRODUCTION
Heart rate provides information about the health and the possible diseases of a fetus, so determining a fetus' heart rate is an important task before delivery. Compared to conventional diagnostic techniques merely based on fetal cardiac rate estimation, the non-invasive extraction of the antepartum fetal electrocardiogram (FECG) from maternal cutaneous electrode recordings presents the potential benefit of offering more detailed information about the fetus' heart, thus allowing a more accurate diagnosis [1] [2] [3] . However, the fetal heart beat signal appearing at the electrode output is always corrupted by considerable noise, such as maternal ECG (MECG), EMG (e.g., due to uterus contraction) and respiration, mains coupling, thermal noise from the electronic equipment, etc.
The extraction of the fetal electrocardiogram (FECG) from maternal cutaneous electrode recordings accepts a blind source separation (BSS) or blind source extraction (BSE) formulation. BSS and BSE share the same mathematical model, the slight difference between them is that: all the source signals simultaneously at a time in BSS, only one sources can be recovered is referred as blind source extraction [2, 3, 4, 5] (BSE). BSE may save lots of computing time and resources, and it can only extract the desired signal such as FECG. So BSE has received widely attention in extraction of the FECG.
An important algorithm of extraction of the FECG was proposed by A.K. Barros [2] using the periodicity of the FECG which requires the precise estimation of an optimal time delay that corresponds to the period of the FECG. So performance of this algorithm depends on the precise estimation of the period of the FECG. The estimation of the period of the FECG is not a difficult task, but estimation errors are inevitable. These errors greatly affect the performance of the Barros' algorithm. Another important work about the extraction of FECG is performed by Zhi-lin Zhang [4] , which extracts the FECG with a priori knowledge about its kurtosis. This algorithm requires the estimation of the range of the kurtosis of the FECG. The estimation error of kurtosis greatly affects the performance of this algorithm.
In this paper, we present a novel blind source extraction algorithm combing periodicity and kurtosis to conquer the two flaws of the BSE algorithm of Barros' and Zhang's.
resulted by linearly mixing the source signals. So, the basic noise free BSS model can be represented by = x As (1) Where, A is mixing matrix with dimension of N N × . The task of BSE is to find a vector w so that
is a source signal up to a scalar.
The extracted signal will be arbitrarily when there is no preknowledge is known to us. If some information of desired source signals is known to us, such as the range of kurtosis or the period of the desired source signal, it can be extracted from the mixture. In this research, we attempt to extract the FECG when the kurtosis and the period of the FECG can be estimated from the mixtures.
Thus extracting the desired FECG signal means minimizing the following cost function:
subjects to the constrained
Using Lagrange multiplier method, we can get constrained cost function as follows: 
Where,
, μ is penalty factor, λ and γ is Lagrange multiplier factor [1] . Simplifying (4), we have ( , , , ) 
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where, Here, 4 ( ) k y , 4 ( ) m k , 2 ( ) m k can be obtained by online estimation [1] . Then, the learning rule of w is given by ( , , , )
Where, η is learning rate and 
So we get a new algorithm to extract FECG. And Lagrange multiplier method is used to guarantee the convergence of the proposed algorithm.
III. EXPERIMENTAL DATA
The real cutaneous electrode recordings used in the experiment are distributed by De Moor [2] , which is a famous electrocardiogram measured from a pregnant woman (Fig. 4) . The electro-cardiogram measurements are recorded over 10s, and sampled at 250Hz. The first five recordings correspond to the mother's abdominal region and a mixture of FECG, MECG and noise is visible. The input signals are given in Fig.5 , we can see the heart beating of both the mother (stronger and slow) and the fetal (weaker and faster).The last three signals were taken from the mother's thorax and the FECG is unvisible due to the long distance between the fetal heart and the three electrodes. The task is to obtain the FECG and provides valuable clinical information. 
IV. METHOD AND RESULT
The task is to extract the FECG in this experiment. The estimated period is 112 sampling period and the normalized kurtosis of FECG is between 4 and 9. We run Barros', Zhi-lin Zhang's and the proposed algorithm in three different conditions corresponding to three experiments, respectively.
In the first experiment, we set 112 τ = , 4 a = and 9 b = for the three algorithms. The extracted FECG signals are given in Fig.2. From Fig.2 , all of the three algorithms can extract the FECG. This means our algorithm has comparative performance with the algorithm proposed by Barros and Zhi-lin Zhang when the period and the kurtosis range of the FECG are estimated with no errors.
In the second experiment, we set 4 a = and 9 b = for our algorithm, and 119 τ = for Barros' algorithm and our algorithm to compare the performance of the two algorithms. The extracted FECG signals are given in Fig.3. From Fig.3 we can see that Barros' algorithm can not extract the FECG but the proposed algorithm can. This means our algorithm is not sensitive for the estimated error of the period of the FECG. In the third experiment, we set 3.5 a = and 9 b = for Zhi-lin Zhang's algorithm and the proposed algorithm to compare the performance of the two algorithms. The extracted FECG signals are given in Fig.4 . From Fig.4 we can see that Zhi-lin Zhang's algorithm can not extract the FECG but the proposed algorithm can. This means our algorithm is not sensitive for the estimated error of the kurtosis range of the FECG. V. CONCLUSION
In this letter, we present a new source extraction algorithm that combing temporal structure and kurtosis. This algorithm can extract the FECG to conquer the two flaws of the BSE algorithm of Barros' and Zhang's. Three experiments on real world FECG illustrate validity and better performance of the proposed algorithm.
